Seismic anisotropy is an efficient way to investigate the deformation field within the upper mantle. In the framework of rigid tectonic plates, we make use of recent tomo- The megagash might be a future plate boundary between the North and the South Pacific plates, associated with the intense volcanism along this band.
Introduction
A wide band of anomalous bathymetry and magmatism extends across the Pacific plate from the Samoa-Tonga elbow to the Easter Island-Juan Fernandez microplate on the East Pacific plate. On the east, this band continues across the Nazca plate, the Challenger fracture zone and the Juan Fernandez volcanic chain to the south end of the volcanic gap in Chile. The distribution of volcanoes, earthquakes and continental geology in Chile suggests an inland interaction with this zone. In the middle of this band, the Easter hotline exhibits bilateral age progressions. It forms the southern boundary of the Easter microplate and lies along the Easter fracture zone. It does not have a distinct swell and it is part of the Tuamotu-Pitcairn-Easter-Sala-y-Gomez tectonic trend, which is parallel to the Samoa-Cook-Austral-Foundation-Juan Fernandez trend. Both trends are apparently related to a change in Pacific plate stress or motion (Clouard and Gerbault, 2008) and the formation of the Easter and Juan Fernandez microplates (Mammerickx, 1992) . These trends extend from the Tonga trench to the Chile trench, crossing the East Pacific Rise near the microplates. On the west, this band extends up to the western Pacific along the complex plate boundary between the Pacific plate and the Indo-Australian plate.
This elongated zone, longer than 90 0 is much larger than the Central Pacific superswell (McNutt, 1988) , since it extends over one-quarter of the Earth's circumference and we referred to it as the Central Pacific megagash (or quadrisect). Smoot and Leybourne (2001) also mentioned this anomalous lineament in Central Pacific, and named it mega-2 trend. Most of the volcanism and seismicity of the Pacific plate are in this complex zone.
The megagash can be described as a tectonic and volcanic feature with five or six regions volcanically active at any given time, or as a fortuitous alignment of five or six independent hotspots. Clearly, the number of hotspots, and plumes proposed in this region is hypothesis dependent and might be alternatively the shallow result of passive upwellings or of deep active upwellings. The geodynamic role of the megagash is not yet clearly understood.
This band is also reflected on seismic velocities and anisotropy. The seismic upper mantle structure beneath the Pacific ocean was investigated for many years. The Pacific plate is considered as the simplest example of oceanic plate with thickening of the plate with increasing age T of the sea floor (Leeds, 1975) . However, some deviations with respect to the √ T were found in the bathymetry and seismic velocities of central Pacific (Superswell of McNutt and Fisher, 1987) and in the oldest parts of the Pacific plate (Parsons and Sclater, 1977; Ritzwoller et al., 2004; Maggi et al., 2006; Debayle and Ricard, 2013) .
Seismic tomography of velocity and anisotropy enables to investigate the origin at depth of this anomalous wide band, the megagash. In isotropic seismic tomography, all global or regional models of Pacific show that the slow S-wave velocities visible below the East-Pacific Rise extend westwards to Polynesia, suggesting close relationship between EPR and Pacific Superswell. Seismic heterogeneities are usually interpreted in terms of heterogeneous temperature field, but a significant part of lateral variations are also induced by seismic anisotropy of upper mantle minerals (Forsyth, 1975; Montagner, 1985; 2002; Smith et al., 2004 , Maggi et al., 2006 . Due to the predominance of the strongly anisotropic olivine in the upper mantle, and the existence of the lattice preferred orienta-3 tion of olivine induced by convective flow (Nicolas et al., 1973; Christensen and Lundquist, 1982) , the fast axis of olivine aligns in the flow direction mapping convection in the upper mantle (Anderson and Regan, 1983) . To first order, the azimuthal anisotropy below the Pacific reflects the plate motion as a whole (Montagner, 1994) , particularly at the base of the lithosphere and in the asthenosphere in the depth range 80-200km. It is in good agreement with current kinematic models of plate motions, suggesting a good coupling between lithospheric plate and asthenosphere.
Since seismic anisotropy is a good marker of deformation within lithosphere and asthenosphere, new insight on convection processes, its relationship with plate tectonics and the 3D-structure of the megagash can be gained by taking seismic anisotropy into account in the inversion procedure.
Anisotropy Tomography below the Pacific Ocean
When developing an anisotropic tomographic technique, two kinds of observables can be measured, the radial anisotropy ξ expressing the difference in S-wave velocity propagating vertically or horizontally (Mitchell and Yu, 1980; Montagner, 1985) , and the azimuthal anisotropy of S-wave velocity derived from Rayleigh waves (Forsyth, 1975) .
Radial anisotropy, already included in PREM (Dziewonski and Anderson, 1981) down to 220km, was derived on a global scale (Nataf et al., 1986; Montagner and Tanimoto, 1991; Ekström and Dziewonski, 1998; ...) to suppress the discrepancy between Rayleigh and Love wave dispersions. Its lateral variations are found as large as isotropic ones down to 200km depth, particularly in the center of the Pacific plate (Montagner and Tanimoto, 1991; Ekström and Dziewonski, 1998) . Azimuthal anisotropy models through the parameters G and azimuth Ψ G (azimuthal variation of V SV seismic velocity) were first derived 4 on a global scale by using initially GDSN data (Montagner and Tanimoto, 1991) , and, the dataset was complemented by the large collection of surface wave dispersion data obtained from the FDSN (Federation of Digital Seismic networks) by Ekström et al. (1997) and Ekström (2011) . New anisotropic models of the upper mantle have been obtained on a global scale from surface waves (Montagner, 2002, Trampert and Woodhouse, 2003; Debayle et al., 2005) and more recently by Debayle and Ricard (2013) , Schaeffer and Lebedev (2013) and Burgos et al. (2014) . At the Pacific plate-scale, it has been shown that the azimuthal anisotropy is correlated with present and past plate motion in the depth range 60-250km (Nishimura and Forsyth, 1989) , which was confirmed by all recent tomographic models.
Superimposed on the large scale radial and azimuthal anisotropies within and below the lithosphere, the anisotropic tomographic model displays smaller scale (<1,000km) lateral variations of these parameters. Two kinds of channels with low anisotropy (hereafter referred as LAC) are observed down to depth of 200km (Montagner, 2002) . A first one only observed on azimuthal anisotropy extends from south-west Pacific up to south-east Hawaii and might be the signature of the birth of convective small-scale instabilities in the asthenosphere when the lithosphere cools (Richter and Parsons, 1975; Crambes and Davaille, 2004) . Another recently discovered manifestation of small-scale convection is the finger-like structures, present at the base of lithosphere (French et al, 2013) . A second kind of low anisotropy channel is observed at the same time on radial and azimuthal anisotropy ( Figure 1 ). It extends between Solomon islands, Samoa-Tonga elbow up to Easter island and across the Nazca plate. Therefore it is at the same location as the wide band of anomalous bathymetry and magmatism that we previously named Pacific megagash.
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We explore in the following sections how the azimuthal anisotropy in the uppermost 300km mantle is related to plate motion and we show that the seismic signature of the megagash might possibly be the surface expression of an incipient plate boundary between the North and South Pacific.
6
3 Kinematic rigid motion from seismic anisotropy
Plate tectonics relies on the assumption that a plate is rigid and that its surface motion can be described by the Euler formula:
where V(M) is the velocity of the plate at point M(θ, φ) (where θ is its colatitude, φ its longitude), O the center of the Earth, and Ω is the rotation pole vector. We can easily calculate, from this equation, the azimuth Ψ Ω measured clockwise from north at point
Plate motion induces a strong deformation at the base of the lithosphere, which will induce azimuthal anisotropy (Christensen and Lundquist, 1982) , primarily parallel to the plate velocity (see for example Montagner, 1994) .
Conversely, the distribution of observed azimuths Ψ obs (θ, φ) for a given parameter such as azimuthal anisotropy enables us to gain insight about rotation poles of tectonic plates.
By using this distribution of available Ψ obs j in a finite number of points M j within the plate, it is possible to retrieve in a least squares sense the best Eulerian rotation pole
The simplest way to proceed to retrieve Ω consists in systematically exploring the space of rotation poles characterised by 2 angles (θ Ω , φ Ω ) with 0 0 < φ Ω < 360 0 and 0 0 < θ Ω < 180 0 . It must be noted that the main limitation of this approach is that we do not have access to the amplitude of Ω, but only to angles. Then the corresponding azimuth Ψ Ω (θ j , φ j ) at point M is calculated, and the associated cost function χ 2 (θ Ω , φ Ω ) at all points M in the Pacific plate. The cost function is expressed as follows:
where S P L is the surface of the plate, and M (θ, φ) a point belonging to the plate. The 7 difference in azimuths 2(Ψ Ω (M ) − Ψ obs (M )) is weighted by the amplitude of plate velocity
V Ω (M ) and by the amplitude of the observed azimuthal anisotropy α obs (M ) at different depths in order to give more weight to points where plate velocity is large and anisotropy is well above noise level. The integral of the cost function, for a constant spacing in longitude and latitude can be discretized in the following way:
where j refers to the selected points M j in the Pacific plate and n P L is the number of points in the plate. The 2D function χ 2 (θ Ω , φ Ω ) also provides the quality of the determination of Ω(θ Ω , φ Ω ) through its skewness and can be related to the probability distribution of the rotation pole P Ω . In the Bayesian statistical approach for Gaussian normal distribution (see for example Tarantola and Valette, 1982) , the cost function χ 2 is readily related to the Gaussian density probability function ρ = ρ 0 e (−χ 2 /2) . The half-widths of the cost distribution (in latitude and longitude) provides a first estimate of the uncertainties on the rotation pole.
This equation involving Ψ obs j can be applied to the distributions of azimuth Ψ α obtained from azimuthal anisotropy tomographic models at different depths. The cost function will be minimum for the Eulerian pole of the layer. We make the underlying assumption that the azimuthal anisotropy of surface waves in the upper mantle reflects the maximum deformation direction, which is also close or aligned with the plate velocity (Christensen and Lundquist, 1982) . It must be pointed out that, since only 2 − Ψ terms of azimuthal anisotropy can be derived, the direction is only found at ±π (±180 o ). In other words, the intrinsic uncertainty of π in the orientation of the azimuthal anisotropy, implies that the pole and its antipode are both minimizing the cost function, so 2 solutions are found for the rotation pole. For sake of plotting simplicity, the cost function χ is normalised between 0 and 1, as a function χ, such that its maximum (equal to 1) corresponds to the minimum χ min of χ.
The observations on G-parameter expressing the azimuthal anisotropy of SV −wave are now used. Different models have been considered but only the results for two of them (Montagner, 2002; Burgos et al., 2014) are presented in this paper. The azimuthal anisotropy retrieved from Rayleigh waves, is determined in the depth range between 50km
down to 400km, but we will limit the comparison in the depth range 50-250km.
Average uppermost mantle anisotropy-SKS proxy
By integrating the parameters G, Ψ G with depth, it is possible to calculate the equivalent synthetic S-wave splitting parameters (delay time and orientation) for vertically propagating S-wave, providing an average of seismic anisotropy in the upper mantle.
These parameters are like a proxy of SKS-waves (for vertical propagation) and they make possible quantitative comparisons between SKS-splitting data and surface wave derived azimuthal anisotropy (Montagner et al., 2000) . This proxy for SKS anisotropy has been used so far for continents where SKS data are available (Marone and Romanowicz, 2007; Wuestefeld et al., 2009; Yuan and Romanowicz, 2010) .
The result of the application of equation (1) to synthetic S-wave splitting is shown in figure 2a , where the maximum of χ is plotted as a pink star. Two kinematic plate models were considered, HS3-Nuvel1A (Gripp and Gordon, 2002) and NNR-Nuvel1 (Argus and Gordon, 1991). Both corresponding rotation poles are actually very close for the Pacific plate and are also plotted as a blue triangle for HS3 and a blue square for NNR. The The pink star corresponds to the maximum probability of the computed rotation derived from azimuthal anisotropy data. The blue triangle (resp. square) is associated with the HS3 (resp. NNR) rotation poles.
minimum of the cost function χ 2 (or maximum of χ 2 ) is located close to both rotation poles of the Pacific plate for models HS3 and NNR, in particular in latitude where the difference is smaller than 5 0 . The probability distribution as inferred from χ 2 is pretty wide in longitude indicating a large uncertainty in φ Ω but narrower in latitude. Therefore, to first order, it can be considered that average seismic anisotropy is in good agreement with the Pacific plate velocity directions and can provide interesting informations on the rigid behaviour of the upper mantle.
In a second step, the Pacific plate is divided into a large North Pacific plate and a 
Anisotropy at different depths
In a third step, we explore the variation of the rotation poles at different depths for North In that respect, the use of distributions of azimuthal anisotropy derived from surface waves at different depths, used in this study, is a more efficient way to make comparisons with published plate motion rotation poles.
When separating the Pacific plate into 2 subplates separated by the megagash, we In particular, the South Pacific plate is much smaller than the North Pacific plate. In addition, the distribution of Rayleigh wave paths used for deriving azimuthal anisotropy is poorer than in the north. Consequently, the rotation pole for the South Pacific is not as well resolved as in the North and the very elongated cost function distribution in Figures   2c and 3c, reflects these large uncertainties. However, the South Pacific rotation pole is so far away from HS3 and NNR poles that we believe that it is really distinct from these ones.
To At depths larger than 200-250km, the convective pattern is no longer influenced by plates (Anderson, 2011) , the probability distribution is not so well defined, which is due to the decrease of anisotropy amplitude and to the lack of resolution below 200km depth. However, alternative valid explanations can be proposed. So far, we cannot exclude the existence of a deep superplume or several plumes explaining the concentration of hot upwellings in the megagash. These deep upwellings might also contribute to weaken the lithosphere and to the break-up of the Pacific plate. Another important process at play below the Pacific lithosphere is small-scale or secondary convection which takes place at the base of the lithosphere, either in terms of Richter rolls, or viscous fingering. Some of these features have been detected at long wavelengths as low velocity or anisotropy channels (Montagner, 2002; Weeraratne et al., 2007; Harmon et al., 2011; French et al., 2013) . How these underlying secondary convective processes might participate to the breakup of rigid plates is still an open question?
In conclusion, seismic anisotropy seems to imply differential motion between the northern and southern Pacific across the megagash region, and provides good evidence for a future breakup of the Pacific plate along the megagash. But the detailed scenario of the separation between the South and the North Pacific plates is not yet written.
